Positive Photoresist as a Sacrificial Layer for MEMS Micro-component Fabrication with SU-8 Polymer by LAU KIA HIAN
 POSITIVE PHOTORESIST AS A 
SACRIFICIAL LAYER FOR MEMS MICRO-




















LAU KIA HIAN 












A THESIS SUBMITTED  
FOR THE DEGREE OF MASTER OF ENGINEERING 
DEPARTIMENT OF MECHANICAL ENGINEERING 
NATIONAL UNIVERSITY OF SINGAPORE 
2012 




POSITIVE PHOTORESIST AS A SACRIFICIAL LAYER FOR SU-8 
MICROSTRUCTURES USING IN MEMS APPLICATION                                                                                                                    
                                                                                                                             -I- 
 
ABSTRACT 
SU-8, a type of epoxy polymer, is a new UV-curable material for 
constructing micromechanical components such as those in micro-electro mechanical 
systems (MEMS) with high aspect ratios. This polymer is biocompatible and 
therefore suitable for both in-vitro/in-vivo applications. It also possesses good 
mechanical properties such as hardness and Young’s modulus. In addition, compared 
to other polymers, SU-8 has other capabilities such as photosensitivity and 
transparency to visible light which make SU-8 compatible with micro-fabrication 
processes. This is a promising structural material for producing novel devices used in 
MEMS and bio-related applications such as drug delivery system, bio-diagnostic 
testing kit, bio-MEMS, micro-fluidics and other health products.  
Despite the promising applications, the fabrication of SU-8 components still 
requires expensive steps of lithography. One such step is the lift-off process which 
requires metallization of the silicon substrate before SU-8 deposition and etching out 
of this metal layer before the release (lift-off) of the device. The process is time-
consuming, expensive and often deteriorates the SU-8 surface itself because of the 
strong etchant and heat used during lift-off. The existing method requires a sacrificial 
layer of metal such as aluminium. As a result, acidic etchants are needed for the 
process of lift-off which etch-out the metal layer. And at the same time, heat will be 
required to speed up the etching process. Concentrated acid mixture such as piranha 
solution used as the etchant can cause severe damage to the SU-8 layer itself. In this 
work, we demonstrate a method to fabricate SU-8 micro-components using a novel 
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lift-off technique. The important aspect of the current novel method is that the 
photoresist AZ4620, a polymer, is used as the sacrificial layer instead of a metal 
layer. AZ4620 can be easily undercut by SU-8 developer and thus reducing the lift-
off time considerably. Further, the silicon substrate is metallized with aluminium to 
reduce the surface energy and drastically shorten the AZ4620 lift-off time. This 
metal layer is not the sacrificial layer and hence can be reused making the whole 
process very time-effective and cost-effective with better SU-8 surface qualities. 
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CHAPTER 1 – INTRODUCTION 
1.1 BACKGROUND 
 
Micro Electro-Mechanical System (MEMS) is a technology generally 
requiring high-aspect ratio micro-components with well-controlled mechanical 
properties to perform different applications such as motion sensing, resonating, 
actuation etc. The components and devices constructed so far include micro-reservoir, 
micro-pumps, cantilever, rotors, channels, valves and sensors. Size of the devices 
fabricated range between few millimeters to sub-micrometers. It can be operated 
either in the form of passive (a device that does not require a source of energy for its 
operation) or discrete (a device that requires a source of energy for its operation) 
mode depending on the application requirements. In order to fabricate MEMS 
devices, conventional method is to make use of the existing semiconductor 
fabrication techniques which is normally used to manufacture electronic integrated 
circuits. Those techniques include wet etching using either acidic or alkaline etchant, 
dry etching making use of reactive gases and electro-discharge machining (EDM) 
and other technologies capable of producing small devices. Silicon is chosen as the 
material for constructing MEMS devices because most of the processes are related to 
existing integrated circuit fabrication. Initially, silicon was considered as MEMS 
material due to familiarity in semiconductor processing. Later, researchers started to 
explore other materials such as polymers for MEMS fabrication in order to replace 
silicon due to its certain drawbacks such as bio-incompatibility, brittleness and 
expensive processing steps. 
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As the interest for MEMS devices to operate in-vitro/in-vivo environment are 
becoming more popular, fabrication methodology need to be modified for example 
hermetically sealing technique. At the same time, material used must be 
biocompatible in order to implant into the human body and the production must be 
cost-effective. As a result, the MEMS technology is further branching out to bio-
related sector known as BioMEMS. Drug delivery system is developed from this 
particular technology and it has digitalized sequential control which can be well 
achieved with polymer based platform. Additionally, other functions such as optical, 
chemical sensing and electrical capability are being implemented into the system and 
at the same time tuned with respect to changes in the physical surrounding 
environment. 
 
An important material has emerged in MEMS manufacturing and it has been 
used intensively over the last few years. This material is SU-8 which is a negative 
tone, chemically amplified, near UV photoresist. It was developed for 
microelectronics industry in the late 1980s by IBM as a negative photo resist for high 
resolution patterning which was further probed for its ability to make high-aspect 
ratio moulds used in LIGA process for electroplating procedures [1-2]. This type of 
polymeric material is rapidly replacing silicon as the next generation of MEMS 
material [1-4]. Unlike silicon, SU-8 is somewhat hydrophobic in nature and 
biocompatible [3-6]. Furthermore, it can also be used to fabricate into 
micro/nanostructures [3-6] with great convenience. It is a low cost acquiescent 
material allowing the designer to create structures defined by a number of in-plane 
and out-of-plane geometries which exhibit the ability to fabricate three-dimensional 
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structures incorporated with good mechanical properties. This versatile material has 
adequate physical, chemical and mechanical properties such as higher coefficient of 
thermal expansion, low Young’s modulus, good chemical/corrosive resistance, 
thermal stability that favour the construction of complex 3D structures [7-8] and 
hierarchical patterns [9] with cost-effective fabrication procedures such as UV 
exposure, spin coating and developing. However, the cost of fabrication may still be 
high unless the processing steps are simplified. Thus, in this thesis a novel approach 
to fabricating SU-8 microstructure is presented. With this approach, it is possible to 
fabricate high aspect ratio micron- to millimetre-sized components with much cost-
effective processing steps than those necessary in the current silicon process. 
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The aim of this project is to introduce a new method of SU-8 structure lift-off 
from the silicon substrate such that the lift-off time is drastically reduced with 
enhanced surface quality requiring simpler processing steps. The project is divided 
into several phases as shown below: 
• First phase of the project is to develop SU-8 structure and release the 
structure using the new lift-off technique. Mechanical testing such as 
indentation and tribological analysis are also carried out on the fabricated SU-
8 structures.  
• Second phase of the project is to further characterize the structure releasing 
technique in terms of the duration of lift-off taken and the amount of 
releasing material used in order to reduce the wastage. This also includes the 
application of a metallic layer on the silicon substrate that facilitates easy lift-
off. 
• Finally, the last phase of the project is to create micro-tips using this new SU-
8 lift-off method.  




POSITIVE PHOTORESIST AS A SACRIFICIAL LAYER FOR SU-8 
MICROSTRUCTURES USING IN MEMS APPLICATION                               -5- 
 
1.3 PROCESS DETAILS 
 
Following is a schematic of the process steps used in this novel SU-8 lift-off 
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CHAPTER 2 - LITERATURE REVIEW 
2.1 OVERVIEW OF POLYMERS – SU-8 USED IN 
MEMS/BIOMEMS APPLICATION 
2.1.1 CHEMICAL AND PHYSICAL PROPERTIES OF SU-8 
SU-8 is an epoxy based negative photoresist which is highly functional, 
optically transparent having UV-curable property, biocompatible [10] and with cost-
effective fabrication advantages. Once a cured film or a microstructure is fabricated, 
it will have resistance to chemicals at an acceptable level. At the same time, it is 
thermally and mechanically stable. This type of resist is normally very viscous, and 
as a result, it can be spread in spin coating with different thickness ranges. The 
thickness is dependent on the original viscosity of SU-8 produced by the 
manufacturer, the spinning speed of the spin coater and the amount of polymer 
poured onto the surface of the substrate. Further, the structure is formed by standard 
contact lithography technique. Figure 2.1 shows the molecule layer of SU-8. 
Homogenising curing process will enhance the uniformity of film properties. 
 
Figure 2.1: SU-8 molecule formation 
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2.1.2 TECHNIQUES USED FOR FABRICATION AND APPLICATION 
In order to achieve mass production capability, direct LIGA is being used. 
LIGA means – German acronym for lithography, electroplating and moulding. 
Figure 2.2 show the standard process flow for LIGA process. LIGA process provides 
high aspect ratio micro structures in polymers e.g. PMMA (better known as acrylic 
glass). Via electroplating, these structures can be replicated in metals like gold, 
nickel, magnetic nickel-iron alloys or copper. Even replications in ceramics are 
possible. An industrial low cost production of micro structures is possible when a 
nickel tool is fabricated for hot embossing or injection moulding. The fabrication 
work done in this project uses the method of high aspect ratio fabrication technique 













Figure 2.2: Process flow of LIGA 
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Table 2.1 shows some typical applications which are constructed by SU-8 developed 
in LIGA process. All the applications shown are commercially developed.  
Table 2.1: Field application of SU-8 
Field of 
application Application description Actual device 
Sensors 
Capacitive acceleration 
sensor with thickness of 
200µm and feature size 






SU-8 able to offer the 
realization of high aspect 
ratios of conducting line 
for the fabrication of 
electro-magnetic actuator 
array.   
Direct 
LIGA 
Fabrication of micro-gear 
and mixer for fluidic 
system using LIGA 
process. As SU-8 gives 
excellent sensitivity and 






SU-8 has special 
advantage for fabricating 
micro parts directly in 
synthetic material.  
Packaging 
SU-8 allow application 
such as packaging and 
housing solution for 
electronic and sensor 
micro components as it 
sealing ability.  
Wave 
Guides 
Chemical modification of 
SU-8 give rise to micro-
optical wave guides 
device owing to changes 
in refractive indices.  
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2.2 LIST OF RESERACH APPLICATION USING SU-8 
2.2.1 NANO-INDENTATION RESULTS ON SU-8 
 
Al-Halhouli et al. conducted mechanical property study on SU-8 using the 
method of nanoindentation [11]. Nanoindentation testing method has become a 
popular tool for characterizing polymeric materials mechanical properties, as 
viscoelastic-plasticity behaviour naturally inherent in polymeric materials, Young’s 
modulus and hardness for very thin layers can be extracted from load-displacement 
data [12]. In order for the indentation testing to be carried out, two samples were 
fabricated by spin coating method on glass substrate and the thickness of SU-8 
coated was 385 µm with 2 mm in width and 5 mm in length. The group carried out 
the nanomechanical testing with methods of quasi-static and dynamic measurements 
using diamond Berkovich shaped indenter tip on a triboindentor system [Figure 2.3]. 
From the test conducted, average values for Young’s modulus, hardness, storage 
modulus and loss modulus were obtained. Measurement result of Young’s modulus 
and hardness showed that the data are very close to macroscale testing methods. It is 
concluded that SU-8 photoresist has moderate viscoelastic behaviour and it is a 
promising candidate for many MEMS applications including micro-cantilevers, 
micro-channels and micro-molds. Table 2.2 show the results obtained from the tests 
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2.2.2  TRIBOLOGICAL ANALYSIS STUDY 
 
There are a few studies conducted on SU-8 with respect to tribology, Tay et al 
[13] conducted tribological study on SU-8 micro dot. Micro dots have the size 
approximately 100 µm in diameter fabricated by polymer jet printing technique on 
silicon wafer with an area of 7 x 7 mm2. Figure 2.4 (a) shows the schematic of micro 
dots on silicon wafer and Figure 2.4 (b) show the topography images of the micro 
dots. 
Figure 2.3: Berkovich indentation mark on SU-8 surface 
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Figure 2.4: Schematic design of micro dots on silicon wafer (a) and topography images of 
the micro dots (b) 
 
 
The results obtained from friction and wear tests, which were performed on 
the micro-dot pattern, show that SU-8 has lower wear life. However, 
Perfluoropolyether (PFPE) over-coated on SU-8 micro-dots show that there are much 
improvement on the wear life. Also, there is an optimum pitch between the micro-
dots that would give the maximum wear life 
 
R A Singh et al [15] conducted study with the aim of improving the 
tribological performance of SU-8. Experiments were setup by coating two different 
thickness of SU-8, 500 nm and 50 µm on the silicon wafer. Table 2.3 shows the 
tested materials and nomenclature used. 
(a) (b) 
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Table 2.3: Tested material and nomenclature used 
 
Surface characterization test were carried out in order to obtain information on water 
contact angle (WCA), nanoscale roughness (Ra) and material properties such as 
hardness and elastic modulus by nanoindentation. Table 2.2 shows the surface 
properties of the tested material. 
Table 2.4: Surface properties of tested material 
 
 
The tribological results are summarized in Table 2.4. It is seen that a suitable oxygen 
plasma treatment of SU-8 followed by an overcoat of PFPE gives an excellent 
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2.2.3 FABRICATED SU-8 DEVICE FOR STRESS MEASUREMENT 
 
There are many research groups that make use of SU-8 to construct devices to 
be used in many areas such as biomedical. Klejwa et al [16] fabricated a three axis 
micro strain gauge for biological application. Silicon micromachining can be used to 
create one-axis force sensors on a planar surface in order to study cellular traction 
and adhesion forces. In their previous works, poly-dimethylsiloxane (PDMS) was 
used to fabricate arrays of micro-needle-like structure to measure biological forces in 
two-axis via optical measurement of needle tip displacement. The group fabricated a 
device which is transparent that allow visual observation and force measurement. 
This device is operating in three-axis mode and force sensing mechanism is by 
continuous synchronous data acquisition. In order to achieve transparencies, SU-8 is 
used. Figure 2.8 (a) shows the schematic for the sensor and Figure 2.8 (b) is the 
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2.2.4 FABRICATED SU-8 DEVICE FOR MICRO MANIPULATION 
 
Kim et al [17] fabricated nickel microgripper with SU-8 adaptor for 
heterogeneous micro/nano assembly applications. The reason for having the SU-8 
adaptor is that it will provide mechanical support and electrical isolation for the 
electroplated nickel microgripper and as well as ease of handling.  The fabricated 
SU-8 adaptor is approximately 50 µm thick. Figure 2.6 (a) shows the schematic 
diagram of metallic microgripper with SU-8 adaptor and Figure 2.6 (b) is the optical 









Figure 2.6: (a) Schematic diagram of microgripper with SU-8 adaptor and (b) fabricated 
device 
 
Chronis et al [18] fabricated the entire gripper device with SU-8. From the 
paper published by the group, SU-8 has good coefficient of thermal expansion (CTE), 
relatively large elastic modulus and higher glass transition temperature (above 
200ºC). With those properties, rigid mechanical structures can be constructed for 
various applications. Therefore with high CTE value and high aspect ratio 
characteristics of SU-8, microgripper can be fabricated and actuated electrothermally. 
(a) (b) 
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The SU-8 thickness of device is 20 µm. Figure 2.7 shows the scanning electron 








Figure 2.7: Scanning electron micrographs of fabricated SU-8 microgripper 
 
 
2.2.5 FABRICATED SU-8 DEVICE FOR SIGNAL TRANSMISSION 
APPLICATION  
Waveguide devices can be fabricated using SU-8. From the paper published 
by Nordström et al [19], it shows the capability for SU-8 to be used for light 
transmission application in biochemical detection. Theoretical simulations were 
performed in order to study the output waveguides profile and conclude the 
performance of the fabricated device. The group has generated square core design 
with height of 4.5µm which makes the geometrical contribution to birefringence 
negligible. SU-8 is an isotropic cross-linked material with ladderlike structure, 
therefore contribution is redundant. In order to produce flexible waveguides, SU-8 is 
added with mr-L XP. Figure 2.8 show the scanning electron micrographs of the 
single mode SU-8 waveguide. 
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Figure 2.8: Scanning electron micrographs of fabricated SU-8 waveguide 
 
Four types of tests were carried out. They were refractive index measurement, 
film stress measurement, cut-back measurement and mode profile analysis. The 
refractive index measurement showed that the results are highly dependent on both 
exposure time and temperature at which it is cross-linked. When the temperature 
increases from 60 ºC to 110 ºC, the refractive index reduces. If exposure dosage 
increases, refractive index also reduces. Exposure dosage doesn’t seem to affect the 
refractive index at lower temperature. The stress measurement of the film clearly 
shows that the value of refractive index is inversely related to the stress for SU-8 and 
mr-L XP. SU-8 has slightly higher stress optical coefficient as compared to mr-L XP 
which has slightly lower value. Investigation of absorption of water into the polymer 
matrix was also carried out. The reduction in the refractive index could have been 
caused by the residuals of solvent in the polymer. 
The authors concluded that a single-mode waveguides can be fabricated using 
monolithically polymeric material SU-8. SU-8 is also suitable for Micro-Optical 
Electro-Mechanical System (MOEMS) applications. They have studied the effects on 
refractive index and shown that waveguides of this type can be easily fabricated with 
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SU-8 by UV lithography which allows for fast fabrication of complex lab-on-chip 
with integrated optics. 
2.2.6 FABRICATED SU-8 DEVICE FOR BIOLOGICAL ANALYSIS 
 
Besides using SU-8 to construct microgripper, waveguide etc, some groups 
used it to fabricate fluidic channel for microfluidic application. Moreno et al [20] 
fabricated a simple and low cost SU-8 pressurized microchamber for pressure driven 
microfluidic applications. The group proposed design to achieve a fixed and 
controlled pressure sealing operation. The whole system consists of inlet port, control 
microchannel and chamber to store pneumatic energy. Figure 2.9 shows the physical 






Figure 2.9: Schematic of the device design 
 
Figure 2.10 (a) and Figure 2.10 (b) show the fabricated device before and after 
pressurization step. The total dimensions of the device are approximately 10x25x1.6 
mm3 with a microchamber internal volume of 4 µL and with a width of the control 
microchannel of 400 µm. When operating at high pressure values, the chamber 
diameter must be reduced in order to reduce the mechanical stress induced in the SU-
8 structure. 
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Figure 2.10: Fabricated device before chamber pressurization (a) and  
after chamber pressurization with crosslinked SU-8 fills part of the channel (b)  
 
The authors concluded that the main advantages of this work lies on the time-
effective fabrication, its simplicity, robustness and low cost. With SU-8 as the 
structural material, the device can store pressurized air for fluid impulsion without 
losing its pressure after a few days. As a result, it can be portable and avoid use of 
external macro-scale pumps and can be successfully incorporated to the market of 
portable microfluidics. 
(a) (b) 
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2.3 SACRIFICIAL LAYER METHOD FOR LIFTING OFF SU-8 
FILM 
 
SU-8 has been commonly used for high-aspect ratio structure fabrication. As 
mentioned in the previous chapter, it has been used for biological application as 
Polymerase chain reaction (PCR) analysis which requires micro-fluidic channel 
fabrication. Normally, SU-8 has been used as a casting mould for 
Polydimethylsiloxane (PDMS) imprinting. However, SU-8 has also been used to 
produce stand-alone lab-on-chip devices. In order to obtain the whole device after 
fabrication, special technique of releasing the fabricated device needs to be used. The 
technique used is the lift-off method. By making use of a layer of material as 
sacrificial layer, the whole process can easily be achieved. This section surveys a 
number of researches conducted by different groups on using sacrificial layer for lift-
off process of SU-8 film. 
 
2.3.1 USING POLYDIMETHYLGLUTARIMIDE (PMGI) 
 
Polydimethylglutarimide (PMGI) is a deep UV positive resist used for bilayer 
lift-off process. SU-8 based microfluidics uses lift-off-resist (LOR) formulated from 
PMGI content as an unpatterned lift-off layer and also as a sacrificial layer for 
fabricating SU-8 based cantilevers. PMGI-SF series resist has lower solubility than 
LOR which allows higher selectivity during photo-patterning process. PMGI-SF 
resist is a good candidate as sacrificial layer as it is spinable with a wide range of 
thickness available and having photo-patternable with glass transition temperature of 
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190 ºC which is higher than SU-8.  Multiple layer micromachining processes are 
used in producing SU-8 structures for both mechanical and microfluidic devices. 
Foulds et al [21] used PMGI as sacrificial layer for SU-8 process.  Their 
work consists of 3 different types of processes. The mentioned advantages of using 
PMGI material are the ability to photo-pattern the sacrificial layer and the ability to 








Figure 2.11: Lift-off SU-8 gripper with out-off plane movement 
 
In conclusion, this group developed a process called polymer-on-PMGI or 
POP which consists of single structure with patterned metal layer. This brings 
advantages such as low equipment requirements with shorter duration on processing. 
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2.3.2 TWO SACRIFICIAL LAYER TECHNIQUES 
 
Schmid et al [22] presented a technique of fabricating free standing polymer 
micro structures by applying two sacrificial layers. The sacrificial layer must be 
removed with the etchant easily and should not attack on the actual polymer 
structure material.  Besides that, it must be possible to deposit and pattern SU-8 
films with a thickness of 1 µm. The sacrificial layer must be able to withstand the 
processing temperature of high Tg of the polymer material coated on top of it. This 
temperature could range between 100 ºC to 180 °C but can be as high as 400 °C for 
polyimide material. Sacrificial layer should not cross-mix with the actual polymer 
layer coated above it. In addition, for electrostatically actuated polymer micro 
structure, it must be compatible with electrodes provided by the substrate. Hence, 
the group selects copper and lift off resist (LOR) for their experiment testing. Figure 
2.12 shows the SEM images obtained from SU-8 fabricated cantilever with copper 







Figure 2.12: (a) SU-8 cantilever with copper as sacrificial layer technique (b) LOR 
as sacrificial layer technique 
 
The author concluded that Cu and LOR can be used as sacrificial layer material for 
fabricating freestanding polymer micro structures. 
(a) 
(b) 
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2.3.3 USING UNCROSSLINKED SU-8 AS SACRIFICIAL LAYER 
 Chung and Allen et al [23] findings on sacrificial layer show that using 
copper as sacrificial layer may link to some issues. When the deposited thickness is 
hundred of micrometers, the selective deposition and removal of the copper layer 
will require additional time. Furthermore, copper is selectively removed with strong 
basic or acidic etchant for sufficient etch rates. And, electrodeposited copper requires 
additional fabrication complexity.  
The group suggested that using another alternative sacrificial material which 
is uncrosslinked SU-8 could eliminate the above issue. As mention, uncrosslinked 
SU-8 have a number of properties. When the temperature is at 65 ºC, SU-8 is highly 
chemically resistant and it can maintain a flat surface for lithography and 
uncrosslinked SU-8 could be easily removed. Deposition of seed layer, insulating 
layer or electroplating mould could be also avoided by using this method. Figure 
2.13 shows the SEM images of the electrodes fabricated by using uncrosslinked SU-
8 as the sacrificial layer, (a) close-up of free-standing SU-8 layer of the electrode (b) 





Figure 2.13: Overview of the fabricated SU-8 electrode using uncrosslinked SU-8 
(a) (b) 
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2.3.4 USING OMNICOATTM AS SACRIFICIAL LAYER 
Bohl et al [24] reported in their research publication about OmnicoatTM 
layer as sacrificial layer. As mention in their paper, SU-8 has limitations in 
constructing multilayer structure due to the fact that SU-8 is a negative resist.  
In order to release large SU-8 structures, the group designed a novel lift-
off technique based on OmnicoatTM as it can develop selectively against SU-8. 
However, it is not effective in removing large functional structures. OmnicoatTM 
layer with thickness of less than 100 nm provides very small gaps for the 
developer to pass through and etch off the SU-8 film. One solution to overcome 
this issue is coating thicker layer of OmnicoatTM. Thicker the OmnicoatTM layer, 
the lower the adhesion between SU-8 film and silicon surface. If the adhesion is 
weak enough, stress in the SU-8 can cause the SU-8 film to peel off pre-maturely. 
The cross-linking process within the SU-8 during curing causes such stress to 
form at the silicon-SU-8 interface due to the effect of volume shrinkage of the SU-
8 layer. The stress induced at the material interface increases with the lateral 
dimensions and the height of the SU-8 structures. Caused by the lowered 
adhesion, the SU-8 structures are released from the substrate during development 
if the right layer of OmnicoatTM is not selected. In order to speed up the entire 
process, ultrasonic bath can be used. Figure 2.14 (a) shows the photograph of the 
SU-8 device after the lift-off process and Figure 2.14 (b) shows the SEM image of 
the SU-8 device fabricated by SU-8 lift-off technology. 
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Figure 2.14 (a) Photograph of a Dispensing Well Plate (DWPTM) after lift-off with lateral 
dimensions of 27 mm × 18 mm and a height of about 551 μm. 
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2.3.5 USING AZ 9620 PHOTORESIST AS SACRIFICIAL LAYER 
J. Zhang et al [25] reported on using AZ 9620 positive photoresist as the 
sacrificial material for constructing SU-8 polymer structure. In order to 
construct SU-8 structures, two or more steps of photolithography process are 
needed. The whole fabrication process consists of: 
1. First layer of SU-8 coating and patterning. 
2. Without developing step, thin film such as metal films, parylene films, 
etc are deposited on the SU-8 surface and used as insulation layer. 
3. Insulation layer are patterned. 
4. Second layer of SU-8 layer are spin-coated and patterned 
5. Wafers are dipped into developer for developing process with 
agitation ultrasonically.  
Figure 2.15 shows the embedded microchannel using AZ 9620 as sacrificial 
layer. 
 
Figure 2.15: Microchannel using AZ 9620 as sacrificial layer 
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CHAPTER 3 – THEORY AND WORKING PRINCIPLE 
3.1 STRUCTURE AND PHYSICAL PROPERTIES OF 
POLYMERS 
3.1.1 PHYSICAL STATES OF POLYMERS 
 
Polymers are present in four physical states, crystalline and three amorphous 
states (glassy, rubbery and viscous flow).  The solid polymers which are glassy or 
crystalline are named as rigid polymers. Every specific state has its own complex 
mechanical properties and has its own unique technical applications. 
In order to determine the degree of compliance of polymer, thermo-
mechanical characterization can be done. At temperature range lower than glass 
transition temperature Tg, polymers deform in the way of glass. Significant increase 
in reversible strain occurs at temperatures above Tg, indicating the rubbery state. 
 
3.2 MECHANICAL PROPERTIES OF POLYMER 
3.2.1 PROCESSING CONDITIONS AFFECTING THERMAL AND 
MECHANICAL PROPERTIES OF SU-8 
 
Thermal and mechanical properties will be affected by the influences of 
curing conditions such as baking temperature which is inclusive of pre-baking, post-
exposure baking and hard-baking, baking duration and UV dosage. This can be 
shown by the results published by Feng et al [26]. 
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From the conclusion, glass-transition temperature (Tg) of SU-8 is the same for 
the baking temperature range between 25 °C to 220 °C and a duration of 20 minutes. 
The limiting glass-transition temperature (Tg) will be approximately 240 °C once the 
cross-linking reaction have completed. Heat shrinkage will occur at the peak 
temperature obtained from the temperature plot and with a factor of 1.16 times 
higher than the baking temperature range. Both glass-transition temperature (Tg) and 
shrinkage temperature will definitely be affected by baking duration. 
Table 3.1: Mechanical properties of SU-8 before and after different process conditions 
 
According to the results presented in Table 3.1, sample before post-exposure 
bake (PEB) are more ductile with higher elongation of 30%. However, elongation 
value dropped to 7.5% after being exposed to ambient environment for duration of 
24 hours which is caused by evaporation of the solvent. 
 
 Tested immediately after 
processing 




















1 0 0 0.7 16.1 24.0 0.7 14.9 7.5 
2 3 0 - - - 1.6 35.9 3.5 
3 5 0 1.7 37.2 3.9 1.9 33.4 2.6 
4 15 0 2.2 48.3 5.9 2.5 44.8 3.0 
5 30 0 2.4 52.6 3.8 2.6 52.5 2.7 
6 30 1 - - - 2.5 44.6 2.0 
7 30 5 2.4 73.1 5.2 - - - 
8 30 30 - - - 2.7 42.1 1.8 
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Figure 3.1: Stress-strain curves for SU-8 at before and after post-exposure bake duration 
with other conditions [26] 
 
From the stress-strain curves (Figure 3.1), it is shown that the stress in SU-8 will 
increase with respect to the post-exposure baking (PEB) duration. For instant, PEB 
of 5 minutes have stress value of approximately 35 MPa. When PEB duration 
increases to 30 minutes, stress value increases to approximately 65 MPa. However 
when PEB duration remained at 30 minutes followed by 5 minutes of hard baking, 
the stress increases to approximately 70MPa. 
 
Figure 3.2: Change in tensile properties with respect to baking time [26] 
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Result of Figure 3.2 shows the effect of post-exposure bake (PEB) on the mechanical 
properties of SU-8. The cross-linking reactions are only active when the baking 
temperature is higher than the glass transition temperature of the material. Reaction 
will slow down and effectively halt when Tg of SU-8 reaches close to baking 
temperature. 
 
Figure 3.3: Change in mechanical properties with respect to effect of UV dosage [26] 
Another factor that will influence the tensile properties of the resultant SU-8 coating 
is the ultra-violet (UV) exposure dosage which will be applied during the exposure 
step. Figure 3.3 shows the influence of UV dose on the properties of the films after 
baking at 95 °C for 30 minutes. The integrity of SU-8 film improved dramatically 
when the UV dose is below 1 J cm-2 and reaches plateau after this dosage level. The 
reason for such phenomenon is because of the photo-acid generator present in the 
resist system that absorbs photons and produces a strong acid when exposed to UV 
source. This particular type of strong acid acts as the catalyst for cross-linking 
reaction to happen during post-exposure bake and hard baking stage. The reaction 
rate of cross-linking to take place will depend on the concentration of the catalyst 
which is decided by the amount of UV dosage.  
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Therefore, in conclusion, effect of UV dose on glass-transition behaviour of 
SU-8 will be very different for sample before and after thermal baking. Factors such 
as tensile and mechanical properties show changes with baking temperature. 
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CHAPTER 4 – MICROFABRICATION AND RELEASE 
OF SU-8 STRUCTURES 
4.1 EQUIPMENT (SAMPLE PREPARATION) 
4.1.1 SPIN COATER AND HOT PLATE 
 
CEE 100 Brewer Science spin coater (Figure 4.1) is used to coat AZ 4620 positive 
photo-resist and SU-8 film onto 4 inch silicon wafer.  
 
Figure 4.1: Brewer Science CEE 100 spin coater for coating film onto substrate 
Once the coating process is completed, baking process can be carried out on 
SAWATEC, HP-150 hotplate (Figure 4.2). It can be used for standard soft bake and 
hard bake processes in lithography application. The temperature range is designed up 
to 250 °C. And it also offers high uniformity and process repeatability capabilities.   
 
Figure 4.2: SAWATEC HP-150 hotplate for baking process
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4.1.2 MASK ALIGNER 
SUSS MicroTec MA/BA 8 mask aligner (Figure 4.3) is used for lithography 
application. Thick resist performance can also be done with this system. It can 
provide a UV wavelength range of 365 nm and 405 nm which is suitable for SU-8 
film cross-linking application. It can achieve the minimum feature size of 1 μm. 
Substrate size can be in irregular to standard 8 inch in size. Mask size allowable 
typically ranging from 3”, 5”, 7” and 9”. There are a few exposure modes such as 
soft, hard, vacuum and proximity contact.   
 
Figure 4.3: SUSS MicroTec MA/BA 8 Mask aligner for patterning transfer 
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4.1.3 WET BENCHES 
Solvent wet benches (Figure 4.4) are used to develop the exposed SU-8 film where 
wet chemical such as SU-8 developer and Isopropyl alcohol (IPA) will be used. Pre-
cleaning process such as piranha treatment will be carried out at acid wet benches.  
 
Figure 4.4: Wet benches where developing work is carried out 
 
4.1.4 DIP COATING SYSTEM 
In-house built dip coater (Figure 4.5) is used to coat other film such as PFPE onto 








Figure 4.5: Dip coating system 
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4.1.5 OXYGEN PLASMA TREATMENT SYSTEM 
Harrick Plasma (PDC-32G) (Figure 4.6) is a system which is used to generate 
oxygen plasma and provide plasma bombardment on the silicon substrate surface 
before overcoating with AZ 4620 thick positive photoresist.  The maximum radio 
frequency (RF) power deployed by this system is 18 W and we deployed this power 
for our sample use. 
 
Figure 4.6: Harrick Plasma (PDC-32G) used for the oxygen plasma treatment on AZ 4620 
positive photo-resist sacrificial layer 
 
Oxygen plasma can remove organic contaminants by chemical reaction with 
highly reactive oxygen radicals and through ablation by energetic oxygen ions. It can 
also promote surface oxidation and hydroxylation (OH groups); increasing surface 
wettability. Oxidation may be undesirable for some materials (e.g. gold) and can 
affect surface properties. 
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4.2 EQUIPMENT (TESTING AND MEASUREMENT) 
4.2.1 TRIBOLOGICAL TESTER 
CETR UMT-2 microtribometer (Figure 4.7) is used to perform friction and wear tests 
and the main result obtained from the system is the coefficient of friction (COF) with 
respect to time which later needs to be converted to number of cycles. A Si3N4 ball of 








Figure 4.7: CETR UMT-2 micro-tribometer to perform tribological testing 
 
4.2.2 GONIOMETER (CONTACT ANGLE MEASUREMENT) 
Contact angle and surface free energy of different specimens were determined by 
VCA Optima Contact angle System (AST product, Inc., USA) as shown in Figure 
4.8. By conducting contact angle measurements, apparent surface free energy could 
be determined and the liquid used for this measurement was distilled water. The 
droplets size of distilled water used in the measurements was 0.25 μl. 
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Figure 4.8: VCA Optima Contact angle System use for water contact angle and surface 
energy analysis 
 
4.2.3 FAILURE ANALYSIS EQUIPMENTS 
 
Various failure analysis equipment such as Olympus optical microscope (BX60) 
(Figure 4.9), KLA-Tencor surface profiler (P-10), Hitachi field emission scanning 




Figure 4.9: Various failure analysis equipment such as microscope, contact profiler and 
SEM respectively
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4.3 SUMMARY OF EXPERIMENTAL SEQUENCE 
In order to obtain the release SU-8 structures, a piece of silicon wafer with size of 4 
inches was used. First process step is to clean the wafer with chemical consist of the 
mixture of sulfuric acid and hydrogen peroxide. The solution is mixed and boiled to 
the required temperature. The cleaning process duration took about 5 minutes to 
complete. After drying of wafer with nitrogen gas, positive photoresist was spread 
onto the surface of the wafer and spanned at the require speed. Next, the coated layer 
was dried by hot plate and the coating process repeated again till it reaches the 
required thickness. SU-8 epoxy was dispensed on the wafer overcoat with resist and 
soft baking of SU-8 was carried out in order to dry away solvent contain in within 
the polymer. Patterning was done using a photomask with required UV dosage and 
duration. After UV exposure was completed, the sample will go through post 
exposure baking on the hotplate. Finally, the baked sample will be developed using 
SU-8 developer.       
Table 4.1 summarizes all sequential processes being carried out until the lifted SU-8 
structure is obtained. 
Table 4.1: Basic process steps 
Step No: Process Description Parameters Results 
1 Use of silicon wafer as 
fabrication substrate 
• Size: 4”(100 mm) 
• Thickness: 525 μm 
• <100> 
• P type 








2 Using chemicals to remove 
any contaminants from the 
wafer 
• 7:3 of H2SO4, 
H2O2. 
• Applying 90 °C to 
120 °C to boil the 
solution. 
• Surface will 
have higher 
wettability. 
• Cleaning of 
organic 
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• Rinse the sample 
with DI water for 5 
minutes. 
• Dried sample using 
N2. 
• Dehydration of 
substrate at 100 °C 
for 2 minutes. 
contaminants 
3 Coat Si wafer with AZ 4620 
positive photo-resist 
• Spin coater speed 
is 4000 RPM 







• Single coat of 
AZ 4620 is 
about 5 to 8 μm 
4 Dry AZ 4620 sacrificial layer • Set temperature of 
hotplate to 110 °C 
to 120 °C stated 
for AZ 4620 
manufacturer 
specification 
(Appendix B ) 
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5 Repeat of coating for AZ 
4620 positive photo-resist  
and soft baking 
 • 5 rounds of 
coating and 
baking in order 
to obtain the 
expected 
thickness 
6 Coat AZ 4620 positive photo-
resist layer with SU-8-2050 
• Spin coater speed 
is 500 RPM 












7 Soft baking of SU-8 layer on 
hotplate 
• Set soft baking 
temperature of 
hotplate to 65 °C 
for 7 minutes. 
• Rise the baking 
temperature of 
hotplate to 95 °C 
for approximately 
30 to 45 minutes. 





order to drive 
away the 
solvent trap in 
SU-8 film 
9 Patterning using mask aligner • Expose the soft 
cured SU-8 film 
with i-line ultra-
violet rays at 
wavelength of 365 
nm for duration of 










10 Post exposure bake • Set baking 
temperature of 
hotplate to 65 °C 
for 1 minute 
• Rise the baking 
temperature of 
hotplate to 95 °C 
for approximately 
5 minutes 






will remain as it 
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11 Developing of exposed SU-8 
film in developer 
• Developing of the 
harden structure 
can be done by 
soaking the wafer 






• Lifting off of the 
whole structure 
normally take 20 
to 30 minutes, 
depending on the 
thickness and area 
of the film 
• Once after lift-off 
process 
completed, do not 
use DI water to 





• Dried sample 
using N2. 
  
12 Hard bake • Rise the baking 
temperature of 





Figure 4.10 show the complete process flow of the fabrication and release process. It 
comprises of coating process, pattern transfer stage, developing process which 
include the releasing of the SU-8 film layer. From the cross-sectional view presented, 
it shows the whole process of releasing the developed structures starting from 
positive resist coating as sacrificial layer, overcoating of SU-8 layer, patterning of 
the SU-8 structure and developing of the final released structure.  
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Figure 4.10: Process flow of SU-8 fabrication and releasing process, Step 1 – Step 4 
Silicon substrate 
Step 1: Preparing clean surface of silicon for fabrication 
procedure 
Silicon substrate 
AZ photo resist 
Step 2: Spin coating of AZ photo-resist on silicon substrate 
and soft baking 
Silicon substrate 
AZ photo resist 
Step 3: Multiple stacking of AZ photo-resist using step 2   
Silicon substrate 
AZ photo resist 
SU-8 
Step 4: Spin coating of SU-8 on top of AZ layer and 
applied pre-exposure baking   
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Figure 4.10: Process flow of SU-8 fabrication and releasing process, Step 5 – Step 8 
Silicon substrate 
AZ photo resist 
SU-8 
Step 5: Patterning of SU-8 using UV lithography technique 
and post exposure baking   
Mask 
UV Source 
Step 6: Removal of unexposed SU-8 by dissolving 
polymer in SU-8 developer   
Silicon substrate 
AZ photo resist 
Step 7: Developing of AZ photo resist layer by dissolving the resist 
in SU-8 developer propagate laterally leading to de-lamination   
Silicon substrate 
Silicon substrate 
Step 8: Hard baking of free standing SU-8 structures fabricated 
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4.4 PHOTOLITHOGRAPHY PROCESSES 
 
In order to produce samples for testing, dark-field photomask was used. SU-8 
is UV sensitive and it cross-links when UV light is shone on it. On the other hand, 
those areas that are not exposed to UV are not cross-linked and hence can be 
dissolved in the developing solvent. Therefore in order to achieve it, we must apply a 
dark-field photomask. In order to reduce the fabrication cost, we make use of 
transparency printed photomask. The diameter of the designed sample is between 
100 micrometers to approximately 30 millimeters. However if the diameter of the 
sample produced is between 5 to 10 micrometers, the photomask used must be made 
of glass as the image transferring result will be better. Typically, photomasks are 
made on soda lime glass, quartz (fused silica) or polyester Film. Table 4.2 shows 
some characteristics between plastic transparency mask, soda lime glass mask and 
quartz mask. 




Easy to handle 
Wavelength > 350 nm 
 
Good price/quality ratio 
High resolution 
Easy to clean 
Stable 
Can break 





Wavelength < 350 nm 
 
Table 4.2: Characteristics between plastic transparency mask, soda lime glass mask 
and quartz mask 
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The fabrication of a photomask requires several steps. In this section we 
will describe each step required for photomask fabrication. The pattern information 
is created using a drawing package, often in AutoCAD or other suitable software 
packages such as L-Edit. This data is processed into internal CAD format (Gerber) 
and transferred to a lithography tool which is referred as photomask writer – which 
then exposes the design onto the photomask substrate. Photomask writer can process 
for both glass and film photomasks.  Once the manufacturing process is finished, the 
mask is cleaned and inspected. Figure 4.11 (a) shows the transparency photomask 
pattern used to produce gears which are of different sizes. Figure 4.11 (b) shows the 
transparency photomask pattern used for fabricating patterns for testing purposes 
such as tribological testing, surface energy analysis or surface roughness 








Figure 4.11: (a) Photo-image of the transparency photomask used to fabricate gears and (b) 
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CHAPTER 5 – RESULTS AND DISCUSSION 
5.1 INITIAL DEVELOPMENT OF SU-8 STRUCTURES USING 
SACRIFICIAL LAYER TECHNIQUE 
 
Sacrificial layer technique, also known as lift-off method, is commonly used 
in MEMS fabrication process. The common application of this technique is by means 
of metal pad construction used in electrical connection. In lift-off process a sacrificial 
material, such as photoresist, is first deposited and patterned on the substrate. The 
material of interest is then deposited on top and the sacrificial material is 
subsequently removed, leaving behind the structure lifted-off from the substrate. 
These processes are useful for patterning materials that cannot be etched without 
affecting underlying materials on the substrate. There are some considerations 
needed to be made before carrying out lift-off process. Factors include: 
• Type of lift-off material used 
• Material to be deposited and patterned by lift-off process 
• Thickness of the deposited materials 
The reason of knowing the type of lift-off material used is important so that correct 
developer or etchant can be used to dissolve this layer. The second factor is 
important for knowing if this etchant or developer will damage the device layer 
coated on top of the sacrificial layer. And lastly, thickness of deposited materials 
needs to be understood as this will affect the developing time or etching time of the 
sacrificial layer. If the duration of etching of the sacrificial layer is too long, the 
etchant or developer may cause damage to the device layer itself.   
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5.1.1 AZ4620 POSITIVE PHOTORESIST  
 
The thickness of each single coat of AZ 4620 positive photo resist layer was 
in the range of 5 to 8µm. Therefore, in order to achieve the required thickness, 
multiple layers are needed. Our other objectives were to minimize the solvent content 
in each sacrificial layer and at the same time to achieve a shorter baking duration. 
Single layer coating with lower thickness consists of lesser solvent content and 
requires a shorter baking time to drive off and vaporize the solvent in comparison to 
that of a layer with higher thickness. In the case of coating thick photo resist layer 
using multiple coat method, the solvent content in the resist could be vaporized 
rapidly in the consecutive spinning and baking processes. By employing the multiple 
coating method to form thick sacrificial layer instead of single thick sacrificial layer, 
out-gassing and scission effects during longer baking duration at a higher 
temperature could be prevented and further, could avoid ‘popping” effect in the 
fabricated SU-8 structure, much evident in the case of single sacrificial layer with 
higher thickness. Too much of the solvent may have some other effects on the 
fabrication results. For example, micro-bubbles will form and solvent will out-gas 
and cause the resist layer to have filled with cavities. And that will affect the flatness 
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5.1.2 COATING AND BAKING OF SU-8 LAYER 
 
When dispensing the SU-8 (grade 2050) epoxy onto the substrate coated with 
AZ 4620 layer, an additional care needs to be taken. If the distance between the 
wafer surface and the dispensing unit is longer, there is a possibility of the formation 
of air bubbles. As the SU-8 epoxy is very viscous fluid, the trapped air bubble may 
lead to voids and cavities in the subsequent soft baking and they eventually weaken 
the structure. 
During baking process, thermal stresses are introduced within the structure if 
additional care is not taken in setting the bake temperature and duration. A gradual 
increment in temperature from 65 oC to 95 oC can be used to avoid the formation of 
any thermal stresses which may lead to cracks and shrinkages. During soft baking, it 
is important that the hotplate with good thermal control and clean surface which does 
not contain any contaminants or particles, is used in order to achieve a better contact 
with the silicon substrate providing a uniform thermal distribution across the wafer 
and the SU-8 layer. Conventional ovens can also be used for curing but they are 
often not recommended because they are observed to form a skin-like layer over the 
SU-8 surface due to the rapid evaporation of the solvent from the surface which 
results in the cross-linking and curing of the monomers on the surface trapping the 
solvent within the structure and consequently to non-uniform curing. This type of 
skin-like layer formation over the surface could inhibit the vaporization of the 
solvent, eventually causing the structure to become soft. Therefore, a special care 
must be taken if the baking is carried out in an oven to avoid the above-described 
problem. 
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5.1.3 COMPARISION WITH THE EXSTING RELEASING 
METHODS 
 
Various methodologies and materials which are broadly classified as metals 
and polymers had been deployed and investigated as sacrificial layer [26-31]. 
MicroChem Corp, USA has developed a material (OmniCoatTM) which has been used 
as a sacrificial layer for SU-8 coating. From the literature works, it is clear that the 
processing cost is very high in the case of using metal as sacrificial layers. These 
metallic sacrificial layers are usually formed by expensive methods such as 
evaporation or sputtering and the lift-off process may take 20 min to 1 hour heated 
etchant. However, the processing cost of the sacrificial layer coating and the lift-off 
time can be drastically lowered by the utilization of polymeric materials which can 
be easily spin-coated.  
 
In order to obtain a good released structure, some important factors need to 
be considered for the selection of the right candidate for sacrificial layer. Adhesion 
property with respect to the SU-8 layer and the base surface material, chemical 
properties of dissolving medium for the sacrificial layer and cost effectiveness with 
respect to material and processing etc are some of the important factors which need 
to be considered while selecting a suitable sacrificial material. Therefore, in the 
current thesis work, the fabrication procedure was simplified by using AZ photo 
resist over other polymeric materials as sacrificial layer. The use of AZ photo resist 
as sacrificial layer had previously been investigated for the removal of SU-8 mould 
by Dellmann et al [8] and for the fabrication of cantilever structure by Ezkerra et al 
[37]. As per our literature survey, the AZ photo resist sacrificial layer was not 
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employed for lift-off procedure or releasing of SU-8 structure. However, AZ layer 
was sacrificed with other solvent apart from SU-8 developer during the experiments 
conducted by Bao et al [38]. Therefore, from these studies, we have selected AZ 
photo resist as a sacrificial layer to lift-off SU-8 structures.  
 
The procedure for fabricating micro structures using SU-8 has been 
simplified in the current work to make it less expensive using easily available 
materials, shorter process flow and process time with high volume production-ability 
and repeatability with lesser resource consumption giving an edge over other 
procedures in cost and time, which are primary considerations in the 
commercialization/mass production. The procedure has been extended to fabricate 
hierarchical microstructure patterns with SU-8 nano-composite polymer and thereby 
making it a comprehensive fabrication procedure to fabricate SU-8 based 
microstructures. 
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5.1.4 RELEASE OF SU-8 MICROSTRUCTURE 
 
The UV cross-linked area of SU-8 will be slowly developed in the developer 
solution with minimum amount of agitation. After 10 to 20 minutes of developing 
duration, the shape of the exposure pattern will start to form. If the pattern diameter 
is smaller, it will lift-off faster as compared to bigger size patterns. Approximately, 
after 30 minutes those structures with smaller diameter will start to lift-off. And once 
this happened, special cares are required so as not to damage the structure. It maybe 
rinsed in isopropyl alcohol (IPA) till the solution appears to be clear. At the 
beginning of the rinsing process, the alcohol solution tends to appear milky as this 
contains SU-8 material. If this step is not done properly, debris will form on the 
surface of SU-8 structure and may cause reliability issue. Once the rinsing is 
completed, hard-baking of the SU-8 structure maybe carried out in an oven for 
uniform heat distribution. Figure 5.1 shows the lift-off structure which has the 
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Special care is required when handling thin SU-8 membrane. If sharp-tip 
tweezers is used to handle the sample, tearing of the sample may happen. Figure 5.2 
shows the optical images of the lifted-off SU-8 micro-gears. Figure 5.3 shows the 
SEM images of the lifted-off SU-8 micro gears. Figure 5.4 shows the photo-image of 
the larger size lifted-off SU-8 micro gears. 
 





Figure 5.2: Optical micrographs of the fabricated micro structure.  
















Figure 5.4: Actual [15mm] image of fabricated micro structure 
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5.1.5 MECHANICAL AND TRIBOLOGICAL TEST RESULTS 
 
Experimental set up was created to study the mechanical properties between 
the fabricated SU-8 parts with respect to the current method used. Table 5.1 shows 
the experimental data for mechanical and tribological properties. Figure 5.5 shows 
the coefficient of friction on the SU-8 release micro structure using ball-on-disk 
setup with silicon nitride ball as the sliding counterface. The speed of rotation used 
was 200 RPM with a normal force of 30g. Figure 5.6 (a) shows the wear track optical 
micrograph obtained from the surface of the SU-8 and Figure 5.6 (b) shows debris 
collected on the silicon nitride ball because of SU-8 wear. Singh et al. [15] reported 
on the tribological tests carried out on SU-8 thin and thick films. The mechanical and 
tribological properties of the currently designed process are very identical to those of 
the existing process. High friction is observed for both processes as SU-8 inherently 
shows high friction and high adhesion properties. The tribological problems have 
been largely solved for SU-8 surface [15]. The wear track and the production of wear 
debris show typical characteristics of SU-8. 
 Fabricated microstructure 
Process Designed process Existing process 
Thickness (μm) ~ 450 ~50 
Mechanical Properties 
Young's Modulus (GPa) 4.2 4 
Hardness (GPa) 0.31 0.35 
Tribological Properties 
Water contact angle (degrees) 96 94 
Steady state coefficient of friction 0.90 0.64 
 
Table 5.1:  Experimental data on the material designed and existing  
process used and tribological properties between designed  
and existing process 
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Figure 5.6: Optical micrographs of the wear track on the (a) fabricated structure and  
(b) Interface ball surface 
 
(a) Wear track 100x 
 
 (b) Track ball 200x 
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This study has proved successfully the initial concept of using positive photo 
sensitive resist (AZ4620) as the sacrificial layer to lift-off the device layer coated 
above this layer. There are few key points needed to be taken care of. In order to 
achieve thicker layer of coat on the device layer, we may require thicker sacrificial 
layer correspondingly. However, this may result in wasting of material for sacrificial 
layer. On the other hand, if the thickness is insufficient the lift-off process may not 
be successful, as the etchant or developer needed to remove away the sacrificial layer 
can’t penetrate through the narrow gap and reach to the center area of the of entire 
SU-8 layer. 
 
Ultra-violent (UV) dosage is also another factor which needs to be optimized. 
If the energy dosage is too much, it may cause the surface of SU-8 which is located 
at the interface between the sacrificial layer to form micro-bubble or cavities. And 
this may affect it’s mechanical performances. Cracks may form resulted from fatigue 
generated by those micro cavities. In order to resolve this issue, the baking process 
after SU-8 is coated should to be long enough in order to drive away the solvent 
embedded within SU-8 resist. 
 
Lastly, in order to reduce the internal stresses of the SU-8 film, sufficient 
hard-baking of the layer are required after developing is completed. However, over-
baking may result in cracking and failure too. Therefore, heat treatment process of 
SU-8 is also important to be taken note of as this affects the material integrity 
eventually.  
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5.2 ENHANCE DEVELOPMENT OF SU-8 STRUCTURES 
 
As reported in Section of 5.1, it clearly shows that use of photoresist as 
sacrificial layer for lifting off SU-8 can be achieved. However, there are two 
limitations that need to be highlighted. From the findings, the duration of lifting-off 
could be long, in the range of 20-30 minutes, if the SU-8 coated area is large. If the 
length of development exceed the required duration which is considered as safer 
period, the edge of SU-8 film will tend to warp and degrade the mechanical integrity 
of the fabricated structure. Therefore, in order to overcome this issue, special 
improvement process can be used to enhance the initial results obtained. As 
mentioned, there are basically two types of release technique in polymer MEMS; dry 
and wet releasing methods. Dry release aims at using low free energy films (SAMS), 
fluropolymers like Teflon, which reduces the adhesion between the substrate and 
microstructure can be used. In wet release technique, several sacrificial layers like 
polystyrene, gold, aluminum, copper are used. The structure release of aluminum is 
about 160nm/min and would take several hours for release depending on the surface 
area of the structure. In fabrication of SAMS, toxic silane treatments are required 
which needs special safety precautions. Plasma deposited fluorocarbon films with 
low free surface energy which are generally used as anti-stiction layers and 
hydrophobic coatings on scanning probe microscope to reduce friction and adhesion. 
But again these depositions require advanced Si etch device which makes the process 
more expensive and complicated. OmnicoatTM which was used as sacrificial layer (in 
nanometer range) has a disadvantage of not being used to remove large functional 
structures by etching. The thickness of OmnicoatTM less than 100nm provides very 
small gap for the developer and does not allow the dissolution of layer below the 
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extended structure. Using metal as sacrificial layer such as Cr,Cu,Cr/Cu/Cr,Al is time 
consuming and expensive and may not be suitable for large structures. Some papers 
have reported polystyrene used as sacrificial layer. Another dry release technique is 
reported, in which a fluorocarbon film is used to lift-off SU-8 structures. The 
fluorocarbon is deposited on the substrate using advanced silicon dry etch device. All 
these processes involve sophisticated equipments which are not cost effective from 
commercial point of view. 
 
5.2.1 USING CURRENT LIFT-OFF METHOD FOR SU-8 FILM 
In the current process, a positive resist (AZ P4620) is used as a sacrificial 
layer which acts as a separation between the silicon substrate and SU-8 resist. During 
developing of SU-8, AZ 4620 resist is also attacked by the developer and dissolved, 
thus producing a free standing SU-8 structure.  
Adhesion force between the silicon and SU-8 will be decreased when thicker 
sacrificial layer is deployed. However, the stress developed at the Si-SU-8 interface 
during cross-linking causes the layer to peel off. As a result, the stress is induced 
because of the volume shrinkage of 7.5% of SU-8 due to different thermal expansion 
coefficient. This stress increases with increase in lateral dimension and height of the 
SU-8 structure. The use of photoresist reduces the processing steps and cost. 
Moreover the sacrificial layer thickness can be controlled depending upon the 
structural layer thickness which cannot be done when using other processes. The 
number of masks required is reduced. And once again, this decreases the number of 
processing steps and ultimately the cost. Table 5.2 shows the experimental results 
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obtained from the test done to study the durations effect of UV exposure on the 
different thickness of SU-8 layers coated. 
 
Table 5.2:  Experimental results obtained from the test done to study the duration’s effect of 
UV exposure on the different thickness of SU-8 layers coated 
 
It could be observed that as the SU-8 structure thickness increases, the sacrificial 
layer thickness should also increase for it to get fully lifted off. The SU-8 structures 
were able to lift off only when nearly equal thickness of AZ was coated before SU-8. 
This is a slight drawback as the process time gets increased and thus the quality of 
structure gets affected. For a thinner AZ layer, the developer could not penetrate 
through the sides of SU-8 and dissolve the sacrificial layer hence the structure 
strongly adheres to the silicon wafer and a large mechanical force has to be applied 
on the SU-8 in order to peel-off and this eventually leads to damage to the structure. 
It was also observed that during Post Exposure baking, air voids were formed on the 
surface of the SU-8 structure which was due to the insufficient soft baking. Also, the 
solvent from the underneath AZ layer contributes to the bubble formation as the SU-
8 is directly coated on top of it. Over exposure of SU-8 results in cracks in SU-8 
















       
1 7 56 1 50 22 25 
2 3 60 2 70 15 (multiple) 20 
3 3 50 1 150 120 30 
4 1 10 1 165 45 No lift-off 
5 1 10 1 165 60 No lift-off 
6 2 70 1 165 30 50 – 60 
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layer. Under exposure has a tendency to undercut the SU-8 structure. When 
fabricating very thick SU-8 structures, the main problem is the development of 
internal stress. This stress leads to cracking and shrinkage of the patterned structure. 
The following picture depicts the crack formation, adhesion and bubble formation 
due to disturbances in the process. Figure 5.7 shows the photographs of (a) Bubble 
formation on the UV exposure region after post exposure baking (PEB) process and 







Figure 5.7: Photographs of (a) Bubble formation on the UV exposure region after 
post exposure baking (PEB) process and (b) Shrinkage effect due to overexposure with stress 
formation in within the SU-8 film 
 
Figure 5.7 shows the lifted-off sample of SU-8 film after developing process. 
Micrographs of lifted SU-8 film surface were also examined. Figure 5.8 shows (a) & 
(b) photographs of 160µm thick SU-8 film after lift-off, (c) photographs of 160µm 
thick SU-8 film adhesive onto 10µm AZ resist thickness and silicon substrate, (d) 
micrographs of air void trapped in between AZ resist and SU-8 layer, (e) 
micrographs of SU-8 layer after UV exposure which is over-exposed and (f) 
micrographs of surface of SU-8 microstructure after development process. 
 In order to further solve the lift-off problem and reduce the lift-off duration, 
we propose to use a surface modified silicon substrate before a deposition of the AZ 
(a) (b) 
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resist sacrificial layer. This type of surface modification should aim at reducing the 

















Figure 5.8: Photographs and micrographs of lift-off SU-8 film and surface examination of 
SU-8 film (a) Larger area of lifted SU-8 film with warping edge (b) Smaller area of lifted 
SU-8 film without warpage (c) SU-8 film adhesive onto silicon substrate with AZ layer (d) 
Bubble formation on the surface of SU-8 film adhesive onto silicon substrate (e) Backside 
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5.2.2 USING METALLIC ENHANCEMENT LAYER FOR LIFT-
OFF PROCESS 
 
As mentioned in the previous section (5.2.1), problems encountered made the 
current lift-off process slightly more difficult in realizing the lift-off of larger SU-8 
structures. The reason for this was investigated by finding out the surface energy of 
various combinations of substrate samples. The surface energy was measured by 
acid-base method where in 2 polar and 2 non polar liquids are used and their contact 
angles with coated samples are observed. Table 5.3 provides surface energy data for 
the samples. The surface energies presented are for silicon, silicon with oxygen 
plasma, silicon with gold coating only, silicon with aluminium, silicon with copper 
and silicon with chromium and gold coated. Contact angles and surface free energies 
of different specimens were determined by VCA Optima Contact angle System (AST 
product, Inc., USA). 
Lift-off duration for the whole SU-8 sample was observed and recorded. 
From observation, the whole SU-8 film with approximately 100 micron thickness 
will be able to lift off successfully at the shortest timing of 30 minutes which is 
located at the centre of the substrate. However, those samples located at the edge of 
the wafer will tend to lift-off at a much longer process duration. These tests were 
carried out without the assistance of ultrasonic agitation. In order to shorten the lift-
off duration, special coating needed to be deposited on the surface of the silicon 
substrate before over-coating with the sacrificial layer of AZ 4620 positive photo-
resist. The selection of the coating must be aimed at reducing the surface free energy 
of the substrate silicon. With the extra coating of this particular layer, the sacrificial 
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layer thickness could also be reduced. And this can provide advantages in term of 
speeding up the whole fabrication process and reducing cost of material. Figure 5.9 
shows the image of water contact angle of different specimens. 
 









Figure 5.9: Water contact angle image of (a) Bare Si, (b) Si + O2 plasma, (c) Si + Au 
(Sputtered), (d) Si + Al (Sputtered), (e) Si + Cu (Sputtered) and (f) Si + Cr + Au 
(Evaporation) 
 No. of 
tests 















1 33.6 9.1 83 90.3 80.3 107.3 
2 29.4 5.7 81.9 96.2 87.3 104.9 
3 31 12.8 81.4 100.8 91.6 90 
 
Ethanol 
1 12.3 10.6 6 11.2 11.8 75.3 
2 11.1 9 7 14.1 11.6 81.2 
3 10.9 5.6 8.8 13.8 8.2 80.3 
 
Xylene 
1 56 36.1 6.8 85.4 17.9 66.2 
2 48.8 51.6 11.3 87 12.5 67.2 
3 50.3 43.1 8.2 85 10.8 69.5 
 
Hexadecane 
1 9.1 7.7 92.6 5.1 100 82.2 
2 11.9 11.2 92.5 3.5 100.8 81.2 
3 9.7 8.3 104.2 4.5 98.8 74.9 
Surface Free Energy, 
dyne/cm 
67.18 56.2 33.76 21.31 23.7 13.58 
(a) (b) (c) 
(d) (f) (e) 
Sample 
Solvent 
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Surface free energy tests were also carried to find out the surface free energy 
of AZ 4620 positive photo-resist and SU-8 coated layers where both materials were 
coated onto the silicon substrate. Table 5.4 shows the results of surface energy 
obtained for AZ 4620 without UV exposure, AZ 4620 with UV exposure, SU-8 
without UV exposure and SU-8 with UV exposure. Figure 5.10 shows the water 
droplet images of the resist and SU-8. 



















1 119.4 80.3 66 69.7 
2 109.6 84.7 68.1 73.6 
3 119.8 90.3 69.3 76.1 
 
Ethanol 
1 21.9 14 4.3 8.1 
2 22.4 17.3 10.9 7.5 
3 22.2 11 10.9 12.6 
 
Xylene 
1 16.3 13.8 15.7 9.9 
2 22.5 18.3 14.5 9.1 
3 18.7 10.5 11.1 10.6 
 
Hexadecane 
1 20.3 39 34.2 42.2 
2 24.7 33.1 31.7 34.8 
3 23.7 37.5 31.8 37.2 
Surface Free Energy, 
dyne/cm 
26.06 33.47 38.14 33.58 
 
Table 5.4: Surface energy obtained for AZ 4620 without UV exposure, AZ 4620 with UV 







Figure 5.10: Water contact angle image of (a) AZ 4620 without UV exposure, (b) AZ 4620 




(a) (b) (c) (d) 
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From the data shown it can be seen that the surface energy of bare silicon is 
very high (67.18 dyne/cm) as compared to that of other samples. This proves that the 
surface of silicon is hydrophilic. However, this energy is very high in comparison to 
that of AZ 4620 photoresist which is 33.47 dyne/cm and SU-8 which is 33.58 
dyne/cm. The differences in surface energy between the substrate and the coated 
layers are very large thus making the adhesion very significant. In this case, the AZ 
layer which has low surface energy forms a film on the silicon substrate by 
consuming energy from the substrate. The greater the energy of the source (substrate), 
the greater will be the bonding force between the film and the substrate. This 
bonding effect will cause difficulty in the lifting off process as a force/ agitation 
greater than this bonding force is required to separate the SU-8 from silicon surface. 
The traditional way to solve this problem is to have thicker coatings of the sacrificial 
layers. Below shows Young’s equation to calculate the energy balance of a water 
droplet on a solid surface which is expressed as  
γLG cos θc = γSG – γSL 
Where  
• γSL is interfacial tension between solid and liquid 
• θc is the equilibrium contact angle of a drop of water 
• γLG is surface energy of liquid with the units of (mJ/m2) 
• γSG is interfacial tension between solid and vapor 
 
This interfacial energy difference between the liquid and solid should be maintained 
low so that the adhesion is minimized. 
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5.2.3 SOLUTION AND NEW METHODOLOGY 
 
From the above experimental investigation conducted, it is clearly shown that 
we can modify the surface property of the silicon surface by various surface 
modifications. Low surface free energy would be beneficial for low adhesion. The 
sacrificial layer or the substrate should have low surface energy so as to decrease the 
adhesive force. At the same time, the surface should have sufficient surface energy 
for spin coating of resist to be carried out without the problem of de-wetting. 
Obviously, this would require an optimization of the surface free energy of the 
substrate. 
In order to avoid the stiction issue due to wet release during development, the 
surface tension forces are reduced by employing metal base layer and sacrificial 
layer which acts as a double protection to the SU-8 layer which give rise to less 
interactive forces between the substrate and the resist. Coatings of metals such as 
Gold, Aluminum, Copper, and Chromium are used in our experiment in order to 
determine their efficiency in the lift-off process. A sample of piece of bare Si wafer 
was Au sputtered using sputtering system for 10 minutes at 30mA, 10 mbar 
pressures. The contact angle measurement reveals that the surface energy of the 
sample is about 33.76dyne/cm which is very close to the AZ film value. Thus the 
difference in surface energy is reduced drastically from 33.71dyne/cm to 
0.28dyne/cm. This is a good sign which can ease the lift-off process. 
There are several advantages of our method. One of them is that, here the 
metal base coating is not disturbed during the process since AZ layer is coated above 
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it and this acts as sacrificial layer and not the metal coating. The metal coated base 
can be re-used again which saves the cost of production when considered in bulk. 
When the separation between Si and SU-8 is increased by thicker sacrificial 
layer, SU-8 can be easily peeled off with the stress developed in within SU-8 layer 
during the cross-linking process which creates stress at the Si-SU-8 interface. This 
stress increases with lateral dimension and height of the structure. The use of metal 
base layer reduces the requirement of coating thick sacrificial layer and hence 
reduces the processing time to a greater extent. Moreover, thin sacrificial layer can 
be used for thick SU-8 structures which are very advantageous. Similarly, the 
extended pre-baking increases the mobility of the polymer molecules. Ramping of 
temperature under the glass transition temperature allows the polymer molecule to 
recrystallize in a stress free way. During the fabrication, the following parameters are 
maintained so as to obtain a uniform result.  
• After every spin coating, a rest period of 10 minutes was kept for the resist to 
distribute evenly on the substrate. 
• The substrate is rotated at 20 rpm while dispensing SU-8 to give an even 
distribution of resist on silicon wafer. 
• The spin speed was ramped up slowly from 500 rpm to the desired value 
• Similarly the soft baking is done by ramping up the temperature slowly so that 
the polymer molecules re-crystallize in a stress free way. 
• Sample is cooled after every baking cycle for minimum 10 min to relieve the 
thermal stress developed during baking. 
• The exposure dosage of 40sec is split thrice with a dwell period of 10 sec and 
exposure period of 13 sec. 
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• Ultra sonic bath is used to provide agitation during development of the sample. 
Multiple exposures were beneficial since the dwell period allowed the resist to 
absorb the energy completely which greatly influenced the quality of the structure. 
Figure 5.11 shows the photographs of (a) SU-8 pattern on bare silicon wafer over-







Figure 5.11 shows the photographs of (a) SU-8 pattern on bare silicon wafer over-coated 









Figure 5.12 shows the photographs of (a) Distorted SU-8 structure on bare silicon wafer and 
(b) SU-8 film during development using thick film AZ on bare silicon wafer 
 
It was observed (shown in Figure 5.12 a) that the thin film AZ coated sample was not 
developed even after 40 minutes in the ultrasonic bath. The AZ layer beneath the SU-
8 was not attacked by the developer. Even though SU-8 is separated from the 
substrate by AZ photoresist layer, the adhesion was still observed to be strong 
(a) (b) 
(a) (b) 
                                                                 
 
RESULTS AND DISCUSSION 
POSITIVE PHOTORESIST AS A SACRIFICIAL LAYER FOR SU-8 
MICROSTRUCTURES USING IN MEMS APPLICATION                               -67- 
 
enough. The reason could be that the bottom surface of the AZ interacts strongly 
with the silicon substrate and the top surface is attached to SU-8 which prevents the 
structure from peeling off easily. When the thickness of AZ was increased to 30 μm, 
the structures were released within 15 minutes which can be seen from the above 














Figure 5.13: Photoimage taken (a) during development and lift-off process with SU-8 
developer with SU-8 structure coated on aluminum surface and (b) after completion of lift-
process after 2 minutes. 
 
On the other hand, when an aluminium coated Si substrate was used, the structures 
developed at a very fast rate of about within 8 minutes (for thin film AZ) and 2.5 
minutes (for thick film AZ). This rate of lift-off is much shorter period so far 
reported in the literature. Even a thinner AZ layer would suffice the lift-off 
requirement when used with aluminum metallized silicon substrate. This is a major 
advantage in terms of time and cost. 
(a) (b) 
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Figure 5.14: Photoimage taken for SU-8 lifted off film using the process of aluminum 














Figure 5.15: Micrographs taken for lifted-off SU-8 film using (a) Top surface of SU-8 with 
UV exposed using normal lift-off method with AZ positive photoresist as sacrificial layer, (b) 
SU-8 layer with AZ positive photoresist interface layer, (c) Bottom surface of SU-8 with UV 
exposed using normal lift-off method with metallic base material for enhance lift-off process 
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Figure 5.15 shows micrographs taken for each methods used for lift-off process on 
SU-8 surfaces. From these micrographs obtained, we could observe a decrease in 
granular concentration between the surfaces. It is evident that surface quality of SU-8 
structures with metallized sample is enhanced compared to the only AZ resist 
method. One of the reasons attributed for this would be that the dual coating of metal 
and resist provides smoother and even surfaces compared to unmodified silicon 
samples. By this means we are able to fabricate SU-8 based MEMS structures with 
much better quality. Figure 5.16a shows the cross-sectional scanning electron 
microscopy image of UV exposed and non-exposed region for SU-8 film. Figure 
5.16b shows the cross-sectional scanning electron microscopy image of the details of 












UV of SU-8 
(a) 
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Figure 5.16 (a) show the cross-sectional scanning electron microscopy image of UV expose 
and non expose region for SU-8 film and (b) show the cross-sectional scanning electron 
microscopy image of the detail of each individual layer coated. 
 
From the cross-sectional SEM image obtained, we could observe the voids in the AZ 
layer which is sandwiched between aluminium coating and SU-8 layer. This void in 
a way helps in providing passage to the developer to seep through the bottom of SU-
8 and dissolve the sacrificial layer. This in turn reduces the development time to a 
greater extent. 
(b) 
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5.2.4 FABRICATION OF MICRO TIPS STRUCTURE USING 
THE CURRENT LIFT-OFF METHOD 
 
After developing the enhance technique on SU-8 lift-off, another idea of 
fabricating micro tips structures was formed. As reported by Taff et al. [39], colour 
mask can be used instead of gray scale mask to produce three dimensional micro 
structures. Previously, gray scale mask has been used to fabricate 3D structure. 
However, the cost of producing gray scale mask is too expensive. Therefore, Taff et 
al. came up with a method of using colour mask produced by laser colour printout on 
a transparency instead of on a glass mask. Figure 5.17 shows the colour masks 










Figure 5.17 Colour masks produced using laser colour printer on transparency with 
different range of colour 
(a) (b) 
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The image in Figure 5.18 shows the exposed SU-8 film developed using SU-
8 developer. From the image, protruding layer could be seen. It is to be noted that as 
the development of the structure will be in steps formation, the cross-linking effect 
will not be the same for each layers. Therefore, after the development was completed, 
the sample needs to go through short duration of UV exposure again in order to 
achieve a full cross-linked result on SU-8 film. 
Figure 5.18: Photographs taken during development of 3D SU-8 micro tip structure 
in developer 
 
SEM imaging was also conducted to see the protruding area of the SU-8 film. From 
the image (Figure 5.19), slight protruding region can be seen and that show that the 
effect of colour is workable in combination with the current method of lift-off. 
Figure 5.20 shows the surface profiling result obtained using a stylus profiler system. 
From the surface profiling measurement obtained, it is shown that different colour 
tone will affect the height of the SU-8 fabricated. Different colour tone will block the 
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amount of UV passing through the mask and affect the height of the SU-8 film 
developed. It is obvious that with some optimization of the mask layout, much 
sharper and/or complex shaped features can be made with SU-8 when the AZ resist 














Figure 5.19: Cross-section SEM micrographs for (a) Wide viewing magnification, (b) 
Tilted at 10º (c) Tilted at 20º and (d) Tilted at 90º 
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Figure 5.20: Surface profiling result obtained using a stylus profiler system on three 




(a) (b) (c) 
Mask lay out 
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CHAPTER 6 – CONCLUSIONS 
The project has successfully created SU-8 micro-structure by using AZ 4620 
positive photo-resist as the sacrificial layer with the aid of lift-off technique. SU-8 
film with thickness ranging from 10 to 500 micrometer can be achieved. Mechanical 
property characterization and tribological analysis are carried out in order to make 
comparison with the SU-8 sample prepared by normal LIGA fabrication and the 
method developed in the current study. From the results obtained, it can be 
concluded that the present method gives similar results in terms of the mechanical 
properties of the fabricated micro components. 
 The AZ photoresist can be applied by spin-coating in several layers on silicon 
substrate to be used as a sacrificial layer for SU-8 lift-off. The thickness of AZ layer 
will depend upon the thickness of SU-8 layer. The AZ layer thickness will also 
decide the time duration of lift-off which may vary from 20-30 minutes. A longer 
lift-off process may cause edge of the SU-8 structure to warp as stress will start to 
form near the edges. 
  In order to further reduce the lift-off time and improve the quality of the SU-8 
structures, the surface energy of the silicon substrate was optimized by metallization. 
It has been shown in this study that modifying silicon surface with a layer of 
aluminium can help reduce the lift-off time to only 8 minutes for thick AZ layer and 
2.5 minutes for thin AZ layer as compared to 20-30 minutes for only AZ layer. This 
presents great savings in time to fabricate SU-8 micro-structures.  
Finally, the current novel SU-8 lift-off technology was applied to the 
fabrication of a tip made of SU-8. The study proves that the current lift-off method is 
capable of fabricating 3D structures such as tips and gears. 
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CHAPTER 7 – FUTURE WORK 
7.1 ADDITION OF NANO-PARTICLES INTO SU-8 FILM 
 
In order to produce SU-8 film with better functionality in terms of 
mechanical and electrical properties, specific nano-particles could be added into the 
SU-8 as a mixture. Electrically enabled SU-8 micro structure can be fabricated. 
Currently comb-drive is fabricated with silicon as the material; it is not common in 
using polymer as material as it is insulator in nature. However, if conducting nano-
particles are mixed with SU-8, this idea could be experimented. And further 
development of the lift-off technique could be carried out as SU-8 mixed with nano-
particles will be different from those with just SU-8 only. 
 
7.2 DEVICE LEVEL FABRICATION WITH FULL 
INTEGRATION OF LIFT-OFF PROCESS  
 
Using the current lift-off method, we can fabricate SU-8 moveable parts and 
integrate into a MEMS or BioMEMS system in the future. Devices such as micro-
pump system, micro actuating system etc can be designed and fabricated using SU-8 
material. Figure 8.1 shows the idea of fabrication and integration of micro parts 
together and form into micro-pump system. 
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APPENDIX A – AZ 4620 POSITIVE PHOTORESIST DATA 
SHEET
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APPENDIX B – MICROCHEM SU-8 2000 SERIES 
PERMANENT EPOXY NEGATIVE 
PHOTORESIST DATA SHEET
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